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Description 

This invention relates to a process for the pro- 
duction of 1,2-dichloroethane and more particu- 
larly to a vapour-phase process for the production 5 
of 1,2-dichloroethane. 

The production of 1,2-dichloroethane by the li- 
quid-phase chlorination of ethylene is well known 
as a stage in the manufacture of vinyl chloride from 
ethylene. The liquid-phase chlorination of ethy- 10 
lene may be carried out, for example, in the pre- 
sence of ferric chloride as catalyst using 1 ,2-dich- 
loroethane itself as the reaction medium in a conti- 
nuous process. Although this liquid-phase pro- 
cess can be carried out with high conversion of is 
ethylene into 1,2-dichloroethane, the use of a li- 
quid-phase process gives rise to problems in the 
purification and drying of the product. Thus, it is 
usually necessary to remove the catalyst from the 
product by washing with water, followed by was- 20 
hing with alkali to remove dissolved chlorine and 
hydrogen chloride, and finally by drying. 

The vapour-phase chlorination of ethylene to 
produce 1,2-dichloroethane has usually been re- 
garded as a method of treating mixtures of gases 25 
containing a relatively low proportion of ethylene. 

In UK Patent No. 1230604 there is described a 
process wherein an ethylene-containing stream 
derived from the effluent of an ethylene-oxy- 
chlorination process is subjected to vapour-phase 30 
chlorination in the presence of activated alumina 
as catalyst. The proportion of ethylene in the ef- 
fluent mixture subjected tochlorination was relati- 
vely low (about 3% by volume in the relevant 
example).. Alumina was used in the form of a fixed 35 
bed of 6.4 mm spheres having a surface area of 
about 30 m a g _1 . 

Similarly, in German Specification 2733502 
there is described a process in which residual gas 
from an oxychlorination process (containing from 40 
2 to 12% by volume of ethylene) is treated with 
chlorine in the vapour phase in the presence of an 
alumina catalyst having a surface area of from 20 
to 299 m 2 g _1 ; the example shows the use of a 
fixed bed of 6.4 mm spheres of alumina having a 45 
surface area of about 50 m 2 g _1 . 

However, vapour-phase chlorination of ethy- 
lene using af ixed bed of catalyst particles is disad- 
vantageous from a practical standpoint in that 
temperature equalisation of the reaction mixture, 50 
and hence control of the reaction temperature, is 
difficult to achieve. 

In East German Patent 86387 there is described 
a processforthe production of 1,2-dichloroethane 
in a fixed bed or fluidised bed reactor in which 55 
ethylene is chlorinated in the presence of nitrogen 
as diluent in the presence of a catalyst containing 
copper chloride and other metal chlorides on a 
support; one of the support materials described is 
y-alumina having a surface area from 150 to eo 
350 m a g -1 . 

The use of a fluidised bed of alumina catalyst 
particles would be desirable from the point of view 
of achieving a more practical and economic pro- 
cess for the vapour-phase chlorination of ethylene 65 



to 1,2-dichloroethane. Unfortunately, application 
of the prior art teaching to the problem of achie- 
ving such a fluidised bed process has in our expe- 
rience resulted in a relatively low conversion of 
ethylene to 1,2-dichloroethane coupled with an 
unacceptably high proportion of unwanted by- 
products. 

We have now found that it is nevertheless possi- 
ble to carry out the reaction between ethylene and 
chlorine in a fluidised bed of a catalyst comprising 
substantially spherical alumina particles so as to 
achieve a very high conversion of ethylene into 
1,2-dichloroethane together with a relatively low 
proportion of by-products (for example heavy by- 
products such as 1 ,1 ,2-trichloroethane or light by- 
products such as ethyl chloride). 

According to the present invention, there is pro- 
vided a process for the production of 1,2-di- 
chloroethane by the reaction between ethylene 
and chlorine in the vapour phase in the presence of 
a catalyst comprising alumina, characterised in 
that the reaction is carried out using a fluidised bed 
comprising fluidisable, substantially spherical par- 
ticles of alumina of surface area not exceeding 
lOm'g" 1 . 

The use of an alumina catalyst of a very low sur- 
face area (i.e. not exceeding lOrr^g"" 1 ) isacritical 
feature of our invention, since it unexpectedly and 
surprisingly results in very high conversion of 
ethylene to 1 ,2-dichloroethane with a tow propor- 
tion of by-products-which, as indicated above, is 
not the result obtained when using the alumina 
catalysts of higher surface area taught by the prior 
art to achieve the vapour-phase reaction of ethy- 
lene and chlorine to 1 ,2-dichloroethane. 

The surface area of the said alumina is preferably 
in the range from 0.1 to 1 Q m 2 g~ I , more preferably 
from 0.1 to 6 m 2 g _1 , and especially from 0.2 to 
6 m 2 g _1 . A surface area of below 0.1 m 2 g -1 is not 
preferred as it tends to result in an excessively 
erosive reaction mixture. Alumina of surface area 
up to 6 m 2 g _1 is likely to be entirely of the ct- 
alumina structure, while alumina of surface area in 
the range 6 to 1 0 m 2 g ~ 1 is likely to be mostly of the 
a-alumina structure with up to a few percent of the 
y-alumina structure. 

Among suitable alumina materials are the cata- 
lyst carriers of family type SAHT-96 and SAHT-99 
(United Catalysts Inc.) having surface areas of 1 to 

The alumina is preferably impregnated with a 
suitable alkaline-earth metal halide (preferably a 
chloride or a halide giving rise to the correspon- 
ding chloride under the reaction conditions), as 
this may improve still furtherthe conversion to 1 ,2- 
dichtoroethane and/orthe lowering of the propor- 
tion of by-products; the impregnated alumina thus 
acts as a support as well as a catalyst. Impregna- 
tion may be conventionally effected by adding an 
aqueous solution of the halide to the alumina with 
stirring so as to produce a stiff homogeneous 
paste, followed by further stirring and heating to 
drive off the water. The preferred alkaline-earth 
metal is calcium. Suitable levels of impregnantare, 
for example, those corresponding to from 0.1 to 
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1 0 parts (preferably from 1 to 6 parts) by weight of 
the alkaline-earth metal per 1 00 parts by weight of 
alumina. 

The chlorination process is preferably carried 
out at a temperature in the range 200 to 300° C, 
particularly in the range 200 to 260° C, in order to 
combine a conveniently high rate of reaction and 
the recovery of the heat of reaction in a useful form, 
e.g. by rainsing steam. The preferred residence 
time in the reaction zone will depend upon the 
reaction temperature, the composition of the feed- 
stock, and the particular alumina catalyst em- 
ployed, but in general residence times in trie range 

0. 1 to 1 0 s are convenient 

Since the reaction between ethylene and 
chlorine to yield 1 ,2-dichloroethane is exothermic, 
the process is most conveniently carried out by 
balancing the flow-rates of the reactants, the 
proportion of any diluent and the extent of any 
cooling being applied in such a way that the de- 
sired reaction temperature is maintained. 

Conventional quantities of ethylene and 
chlorine as used in prior art liquid- and vapour- 
phase reactions may be employed in the process, 

1. e. normally stoichiometric quantities of ethylene 
and chlorine — although a slight molar excess of 
ethylene (with respect to the chlorine content), 
say a 5 to 1 5% molar excess, may conveniently be 
used. 

The 1,2-dichloroethane produced may be 
separated from the gases leaving the reaction zone 
by condensation or other conventional tech- 
niques. 

The invention is now illustrated by the following 
examples; the prefix C denotes a comparative ex- 
ample. 

Example 1 : 

The catalyst used was SAHT-99-13 (United 
Catalysts Inc.), an cc-alumina having substantially 
spherical particles of surface area 4 m 2 g _1 . The 
alumina had been impregnated with calcium 
chloride to a level corresponding to 5 parts of cal- 
cium per 1 00 parts of alumina by weight. The cat- 
alyst was contained in a glass reactor tube of inter- 
nal diameter 30 mm and was maintained in afluid- 
ised state by passing the reactants upwardly 
through the bed. The heat of reaction was removed 
by passing air through a jacket surrounding the 
reactor tube. The reaction mixture contained 
1.10 mol of ethylene (and 0.02 mol of oxygen) per 



mole of chlorine. The residence time in the reactor 
was 2 s and the temperature was 250° C. The reac- 
tor was allowed to operate underthese conditions 
for 1 h to eliminate transient effects, then for a fur- 
s' therl h during which the productsfrom the reactor 
were collected and analysed by gas-liquid chro- 
matography. 

Conversion of the chlorine to chlorinated organ- 
ic species was substantially quantitative and the 
10 conversion of ethylene substantially equivalent to 
that of chlorine. The product mix formed was 
99.8% w/w 1,2-dichloroethane, 840 ppm (parts 
per million) w/w light by-products (such as ethyl 
chloride), 540 ppm w/w heavy by-products (such 
as 1,1,2-trichloroethane) and 200 ppm w/w tri- 
chloroacetaldehyde (chloral). 

Exemple C2: 

20 The catalyst used was Alumina Grade E-C (Akzo 
Chemie), a y-alumina having substantially spheri- 
cal particles of surface area 1 25 m z g -1 . The alumi- 
na had been impregnated with calcium chloride to 
a level corresponding to 5 parts of calcium per 

2S 100 parts of alumina by weight. The procedure 
used was otherwise as described for Example 1 . 

Conversion of chlorine to chlorinated organic 
species was substantially quantitative and the 
conversion of ethylene substantially equivalent to 

30 that of chlorine. The product mix formed was 
99.2% w/w 1,2-dichloroethane, 6,390 ppm w/w 
light by-products, 1,060 ppm w/w heavy by- 
products and 320 ppm w/w chloral. 

35 Example C3: 

ThecatalystusedwasAluminaGradeE-C(Akzo 
Chemie) which had been calcined at 900° C to re- 
duce its surface area to 20 m 2 g _1 . The alumina 
was impregnated with calcium chloride to a level 

fo corresponding to 5 parts of calcium chloride per 
100 parts of alumina by weight. The procedure 
used was otherwise as described for Example 1 . 

Conversion of chlorine to chlorinated organic 
species was substantially quantitative and the 

45 conversion of ethylene substantially equivalent to 
that of chlorine. The product formed was 99.5% 
w/w 1,2-dichloroethane, 3,610 ppm w/w light 
by-products, 1,450 ppm w/w heavy by-products 
and 180 ppm w/w chloral. 

so The results of Examples 1 to 3 are summarised in 
• Table 1. 



Example 
No. 


Surface area of 
alumina catalyst 
(m 2 g" 1 ) 


Impregnated 
with calcium 
chloride? 


Product mix 


1,2-Dichlo- 
roethane . 
(% w/w) 


Light 
by-products 
(ppm w/w) 


Heavy 
by-products 
(ppm w/w) 


Chloral 
(ppm w/w) 


1 


4 


Yes 


99.8 


840 


540 


200 


C2 


125 


Yes 


99.2 


6,390 


1,060 


320 


C3 


20 


Yes 


99.5 


3,610 


1,450 


180 



It is seen from Table 1 that operation of the 
process according to the invention in Example 1 



gave the required product 1,2-dichloroethane in 
very high yield with a significantly lower propor- 
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tion of unwanted by-products in. comparison to 
the proportion of by-products obtained by opera- 
tion of processes using exactly the same scale and 
construction of reactor but not according to the 
invention (Examples C2 and C3). 

Example 4: 

The catalyst used was SAHT-99-13 alumina 
which had been impregnated with calcium 
chloride to a level coftesponding to 5 parts of cal- 
cium per 1 00 parts of alumina by weight. The cat- 
alyst was contained im a stainless steel reactor tube 
of internal diameter 50. mm and was maintained in 
a fluidised state by passing the reactants upwardly 
through the. bed. The heat of reaction was removed 
by passing oil through a jacket surrounding the 
reactor tube. The reaction mixture contained 
1 .1 0 mol of ethylene (and 0.02 mol. of oxygen) per 
mole of chlorine. The residence time in the reactor 
was 4 s and thetemperature was 250° C. The reac- 
tor was allowed to operate under these conditions 
for 1 h to eliminate transient effects, then for a fur- 
ther 1 h during which the products from the reactor 
were collected and analysed by gas-liquid chro- 
matography. 

Conversion of the chlorine to chlorinated organ- 
ic species was substantially quantitative and the 
conversion of ethylene substantially equivalent to 
that of chlorine. The product mix formed was 
99.8% w/w 1,2-dichloroethane, 320 ppm w/w 
light by-products, 1,500 ppm w/w heavy by- 
products and 40 ppm w/w chloral. 

Example 5: 

The catalyst was SAHT-99-1 3 alumina (surface 
area 4 m 2 g _1 ) and was used as received from the 
manufacturer (i.e. not impregnated with an alk- 
aline-earth metal halide). The procedure was 
otherwise as described for Example 4. 

Conversion of thechlonne to chlorinated organ- 
ic species was substantially quantitative and the 
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conversion of ethylene was substantially equiv- 
alent to that of chlorine. The product mix formed 
was 99.5% w/w 1,2-dichloroethane, 2,542 ppm 
light by-products, 1,862 ppm w/w heavy lay- 
s' products and 1 76 ppm chloraL 

Example 6: 

The catalyst used was Sample Number 06596 
(Norton Chemical Process Products Limited), an 

10 a-alumina having substantially spherical particles 
of surface area 0.25 m 2 g -1 . The alumina was im- 
pregnated with calcium chloride to a level corres- 
ponding to 5 parts of calcium per 100 parts of 
alumina by weig ht. The procedure used was other- 

15 wise as described for Example 4. 

Conversion of chlorine to chlorinated organic 
species was substantially quantitative and the 
conversion of ethylene substantially equivalent to 
that of chlorine. The product mix formed was 

20 99.8% w/w 1,2-dichloroethane, 520 ppm w/w 
light by-products, 1,800 ppm w/w heavy by- 
products and 66 ppm w/w chloral. 



2S Example C7: 

The catalyst used was Al 391 2P (Harshaw Che- 
mie BV), a y-alumina having substantially spheri- 
cal particles of surface area 1 66 m 2 g ~ \ The alumi- 
na was impregnated with calcium chloride to a 

30 level corresponding to 5 parts of calcium per 
100 parts of alumina by weight. The procedure 
used was otherwise as described for Example 4. 

Conversion of chlorine to chlorinated organic 
species was substantially quantitative and the 

35 conversion of ethylene substantially equivalent to 
that of chlorine. The product mix formed was 
98.6% w/w 1,2-dichloroethane, 8,450 ppm w/w 
light by-products, 4,800 ppm w/w heavy by- 
products and 450 ppm w/w chloral. 

40 The results of Examples 4 to 7 are summarised in 
Table 2. 



Table 2 



Example 
No. 


Surface area of 
alumina catalyst 
(m 2 g~ 1 ) 


Impregnated 
with calcium 
chloride? 


Product mix 


1,2-Dichlo- 
roethane 
(% w/w) 


Light 
by-products 
(ppm w/w) 


Heavy 
by-products 
(ppm w/w) 


Chloral 
(ppm w/w) 


4 


4 


Yes 


99.8 


320 


1,500 


40 


5 


4 


No 


99.5 


2,542 


1,862 


176 


6 


0.25 


Yes 


99.8 


520 


1,800 


66 


C7 


166 


Yes 


98.6 


8,450 


4,800 


450 



It is seen from Table 2 that operation of the 
process according to the invention in Examples 4, 
5 and 6 gave the required product in very high yield 
with a significantly lower proportion of unwanted 
by-products in comparison to the proportion of 
by-products obtained by operation of a process 
using exactly the same scale and construction of 
reactor but not according to the invention (Exam- 
ple C7). 



Claims 

1. Process for the production of 1,2-di- 
chloroethane by the reaction between ethylene 

60 and chlorine in the vapour phase in the presence of 
a catalyst comprising alumina, characterised in 
that the reaction is carried out using a fluidised bed 
comprising fluidisable, substantially spherical 
particles of alumina of surface area not exceeding 

55 10 rr^g- 1 . 
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2. Process according to Claim 1, characterised 
in that the alumina used has a surface area in the 
range 0.02 to 6 m 2 g _1 . 

3. Process according to either Claim 1 or 2, 
characterised in that the alumina is impregnated s 
with an alkaline-earth metal halide. 

4. Process according to Claim 3, characterised 
in that the alkaline-earth metal halide is a chloride 
or a halide giving rise to the corresponding 
chloride underthe reaction conditions. w 

5. Process according to either Claim 3 or 4, 
characterised in that the alkafine-earth metal is cal- 
cium. 

6. Process according to any one of Claims 3 to 

5, characterised in that the level of impregnant cor- is 
responds to 0.1 to 10 parts by weight of the alk- 
aline-earth metal per 1 00 parts by weight of alumi- 
na. 

7. Process according to Claim 6, characterised 

in that the level of impregnant corresponds to 1 to 20 
6 parts by weight of the alkaline-earth metal per 
1 00 parts by weight of alumina. 

8. Process according to any one of the preced- 
ing claims, characterised in that the chlorination 
reaction is carried out in the temperature range 200 25 
to 300° C. 

9. Process according to any one of the preced- 
ing claims, characterised in that the residence time 
in the reaction zone is in the range 0.1 to 1 0 s. 



Revendications 

1. Procede de production du 1,2-dichloro- 
ethane par la reaction de I'ethylene avec le chlore 35 
en phase vapeur en presence d'uncatalyseur com- 
prenant de I'alumine, caracterise en ce que la reac- 
tion est effectuee dans un lit fluidise comprenant 

des particules pratiquementspheriquesetfluidisa- 
bles d'alumine ayant une aire superficielle ne de- 40 
passant pas 10 m 2 -g -1 . 

2. Procede suivant la revendication 1, caracte- 
rise en ce que i'alumine utilisee a une aire superfi- 
cielle dans la gamme de 0,2 a 6 m 2 -g -1 . 

3. Procede suivant I'une des revendications 1 45 
ou 2, caracterise en ce que I'alumine est impregnee 
d'un halogenure de metal alcalino-terreux. 

4. Procede suivant la revendication 3, caracte- 
rise en ce que I'halogenure de metal alcalino- 
terreux est un chlorure ou un halogenure donnant so 
le chlorure correspondant dans les conditions de 
reaction. 

5. Procede suivant t'une des revendications 3 
ou 4, caracterise en ce que le metal alcalino- 
terreux est du calcium. 55 

6. Procede suivant I'une des revendications 3 a 
5, caracterise en ce que le taux d'agent d'impre- 
gnation correspond a 0,1 a 1 0 parties en poids de 



metal alcalino-terreux pour 1 00 parties en poids 
d'alumine. 

7. Procede suivant la revendication 6, caracte- 
rise en ce que le taux d'agent d'impregnation cor- 
respond a 1 a 6 parties en poids de metal alcalino- 
terreux pour 100 parties en poids d'alumine. 

8. Procede suivant I'une des revendications 1 a 

7, caracterise en ce que la reaction de chloruration 
est effectuee dans la gamme de temperatures de 
200 a 300° C. 

9. Procede suivant I'une des revendications 1 a 

8, caracterise en ce que la duree de sejour dans la 
zone de reaction est dans ia gamme de 0,1 a 1 0 s. 



Patentanspruche 

1. Verfahren zur Herstellung von 1,2-DichIor- 
ethan durch die Reaktion zwischen Ethylen und 
Chlorin der Dampfphase in Gegenwarteines Alu- 
miniumoxid enthaltenden Katalysators, dadurch 
gekennzeichnet, dass die Reaktion unter Anwen- 
dung eines Fliessbettes, das fluidisierbare, im we- 
sentlichen spharische Aluminiumoxidteilchen mit 
einer spezifischen Oberflache von nicht mehr als 
10 m 2 g _1 enthalt, durchgefuhrt wird. 

2. Verfahren nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das verwendete Aluminium- 
oxid eine spezifische Oberflache von 0,2 bis 
6m 2 g: _1 hat. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, dass das Aluminiumoxid mit ei- 
nem Erdalkalimetallhalogenid impragniert ist. 

4. Verfahren nach Anspruch 3, dadurch ge- 
kennzeichnet, dass das Erdalkalimetallhalogenid 
ein Chlorid oder ein Halogenid ist, das unter den 
Reaktionsbedingungen zu dem entsprechenden 
Chlorid fuhrt. 

5. Verfahren nach Anspruch 3 oder 4, dadurch 
gekennzeichnet, dass das Erdalkalimetall Calcium 
ist. 

6. Verfahren nach einem der Anspruche 3 bis 5, 
dadurch gekennzeichnet, dass die Impragniermit- 
telkonzentration 0,1 bis 1 0 Gew.-Teilen des Erdal- 
kalimetalls pro 100 Gew.-Teile Aluminiumoxid 
entspricht. 

7. Verfahren nach Anspruch 6, dadurch ge- 
kennzeichnet, dass die Impragniermittelkonzen- 
tration 1 bis 6 Gew.-Teilen des Erdalkalimetalls pro 
100 Gew.-Teile Aluminiumoxid entspricht. 

8. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, dass die 
Chlorierungsreaktion in dem Temperaturbereich 
von 200 bis 300° C durchgefuhrt wird. 

9. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, dass die 
Verweilzeit in der Reaktionszone 0,1 bis 10 s be- 
tragt. 



